The Malaysian government regards highly skilled human capital as the nucleus of a knowledge-based economy and has been attempting to reform higher-educational policies in both the public and private sectors since the mid-1990s. The research reported here seeks to evaluate higher-educational policy reform as it relates to the development of human resources in an era of information and communication technologies (ICT).
Introduction
The Second Global Knowledge Conference, hosted by the Malaysian government and the Global Knowledge Partnership, was held in Kuala Lumpur, Malaysia, from 7 to 10 March 2000. At this conference, Prime Minister Mahathir Mohamed made it clear that less-developed countries should not expect aid from developed countries, and he reported that Malaysia was going to move towards a knowledge-based economy by means of Malaysia's Strategic Initiative One (SI1). In addition, Azzman Shariffadeen, serving as Secretary of the National Information Technology Council (NITC), noted at the forum that the government intended to upgrade the educational system in Malaysia in order to create a Malaysian workforce that will be better educated than their foreign, skilled knowledgeworker counterparts.
The Malaysian nation's Vision 2020 (Wawasan 2020) promotes a paradigm shift from an economy based on labor-intensive and lower-end manufactured products to an economy based on knowledge as part of the process of becoming a fully developed nation. Prime Minister Mahathir Mohamed rst referred to the Malaysia Super Corridor (MSC) on presenting a bill in Parliament; he announced the MSC concept publicly in August 1996 after launching the National IT Agenda (NITA). The MSC begins at Kuala Lumpur City Center (KLCC), in the world's tallest twin towers, and ends at Kuala Lumpur International Airport. Between the two landmark towers are Putrajaya, the new Malaysian administrative capital, and Cyberjaya, the headquarters of the Multimedia Development Corporation (MDC), which constitutes the administrative body of the MSC.
Smart Schools (Sekolah Bestari)
Seven agship applications are expected to constitute the main operations of the MSC: Electronic Government (E-Government), Smart Schools, Telemedicine/Telehealth, Electronic Commerce (E-Commerce), R&D Cluster, E-business, and Technopreneur Development. Several pieces of legislation have been amended and enacted, including the Digital Signature Act of 1997, the Computer Crimes Act of 1997, the Telemedicine Act of 1997, the Copyright (Amendment) Act of 1997, and the Communications and Multimedia Act of 1998, to facilitate this development.
As for education, the Ministry of Education conceptualized the Smart School (Sekolah Bestari) Project in 1997, when it revealed "The Malaysian Smart School -A Conceptual Blueprint." The four objectives of the Smart School Project are:
(a) emphasis on maturity of thought, application of information technology, and assimilation of high-minded values; (b) pro ciency in science and mathematics; (c) enhancement of performance according to individual capabilities; and (d) contribution to the development of knowledge. The Ministry of Education and Telekom Smart School Sdn. (TSS) lead the Smart School projects, which involve government (national) schools and government-aided (national-type) schools at the secondary level. There are three pilot projects being implemented under the Smart School initiative: Teaching-Learning Materials, Assessment Systems and Management Systems, and Smart School Integrated Solutions (SSIS). After the implementation of the pilot project during the Seventh Malaysia Plan 1996-2000, the Smart School project involved a total of 90 schools, including nine newly constructed schools. These schools were equipped with state-of-the-art multimedia/computing equipment and were provided with comprehensive teaching and learning materials in four subject areas, Bahasa Malaysia, English, science, and mathematics (Malaysia 2000: 373) . The Malaysian language (Bahasa Melaysia) or Malay language (Bahasa Melayu) has previously been used as an instruction medium in schools. Since independence in 1957, the Malay language has been a compulsory subject for primary and secondary school and then in 1970 the Malay language was introduced as the medium language to standard 1 students. Finally, Malay became the language of instruction at all school levels and universities in 1983. It is signi cant for educational development to teach science and mathematics in English because it will create the human resources to meet IT market needs locally. It is also important that there be Malaysian human resources with English pro ciency to face the era of globalization. However, there is still a considerable argument over educational policy related to language policy. The Malaysian government has to preserve the mother tongue and culture of the Malay, the Chinese, the Indian, and the other indigenous peoples. Nevertheless, standard 1 students need to learn Malay language as the medium of instruction, English as second language, and the other languages, including Chinese and Tamil, as a third language at primary schools.
Historical background of higher education
Ever since the Federation of Malaya gained independence in 1957, the Malaysian education system has been developing so as to unify the nationstate and to promote economic growth. The Education Act of 1961, which followed educational reform efforts such as the Razak Statement of 1956 and the Rahman Talib Report of 1960, has governed the modern education system in Malaysia. These educational reforms correlated with socioeconomic conditions. In the early 1970s, the New Economic Policy (NEP 1971), or Bumiputera Policy, was implemented. The NEP aimed to bring about a better balance in enrollment among the different ethnic groups in Malaysia.
1 It resulted in a steady increase in the number of Bumiputera students in Malaysian universities. Furthermore, since the early 1970s, the Malaysian government has sought to make more effective use of the nation's Malay human resources in the process of economic development, and the percentage of Malay students at every educational level has increased steadily.
Basically, the Malaysian education system follows a 6-3-2 structure, with six years of primary school, three years of lower secondary school, and two years of upper secondary school (see Appendix 1). Eleven years of basic education are provided to all citizens. However, the highereducation system has been limited to the elite citizens of the country. Performance in the public examination, known as the SPM (Sijil Pelajaran Malsyaia/Malaysia Certi cate of Education), which is taken after the eleventh year of school, determines whether ve Form students can enter post-secondary education (matriculation, or six Form). Until the mid-1990s, the Malaysian government encouraged students to study overseas in the U.K., the U.S., Australia, or Japan.
The rst phase of the establishment of public universities started in 1969 under the Universities and University Colleges Act. During this time, Universiti Sains Malaysia (USM 1969), Universiti Kebangsaan Malaysia (UKM 1970), Universiti Pertanian Malaysia (UPM 1971), and Universiti Teknologi Malaysia (UTM 1975) were established (see Table 1 ). Moreover, four public universities were established during the second phase (from the 1980s to the early 1990s): International University Malaysia (IIUM), Universiti Utara Malaysia (UUM), Universiti Malaysia Sarawak (Unimas), and Universiti Malaysia Sabah (UMS) (see Table 1 ). It can be found that the number of universities had been limited for four decades. However, the Malaysian government regards highly skilled human capital as the nucleus of a knowledge-based economy and has been attempting to reform higher-educational policies in both the public and private sectors since the mid-1990s. The research reported here seeks to evaluate higher-educational policy reform as it relates to the development of human resources in an era of information and communication technologies (ICT).
This research has three goals: rst, to determine how Malaysian higher educational policies have changed by looking at socioeconomic backgrounds; second, to examine case studies of the Malaysia Multimedia University (MMU), Malaysia National University (UKM), and University Malaysia Sarawak (Unimas); and third, to discuss whether ICT is affecting access and course selection in higher education in terms of gender equality nationwide. In conclusion, the future direction of the Malaysian case, including some of the challenges it faces, will be shown.
Socioeconomic Impacts on Higher Education in the Era of ICT
The Sixth Malaysia Plan 1991 Plan -1995 Plan (1991 did not refer to information technology in "Progress 1986-90" or in Chapter 5 of "Prospectus 1991-95," entitled "Education and Training." It was not until the Seventh Malaysia Plan 1996 Plan -2000 Plan (1996 that information technology in education and training was mentioned, and even then the plan stated only that computer literacy and computer-assisted teaching and learning programs would be extended to all schools and training institutions over the following ve years (1996) (1997) (1998) (1999) (2000) . No further projects were discussed in the Seventh Malaysia Plan. It was noted that the use of computers in educational and training institutions would enhance the teaching and learning processes and help to overcome the shortage of trained teachers and instructors in several subjects, including languages (Malaysia 1996) .
The Malaysian population has been estimated as being 22,229,040 (July 2001). The Malaysian government has recognized the necessity of a workforce with rst degrees in scienti c and technical elds. There have been fewer science-stream students than arts-stream students at the secondary level; science students represented only 25.7 percent of the total number of students in 1998, well below the targeted 60:40 science-toarts ratio (Malaysia 2000: 124) . At present, although the overall level of educational attainment has improved, the percentage of those in the labor force with tertiary education is still small, at 13.9 percent, which is lower than that of many newly industrialized economies (NIEs) (Malaysia 2001).
Higher educational reform and the roles of private universities in the mid-1990s
In the mid-1990s, four educational acts were implemented: the Education Act of 1995, the 1995 Amendments to the University and University Colleges Act of 1971 (1995 Amendments to the UUCA 1971), the Private Higher Education Institutions Act of 1996 (PHEIA 1996) , and the National Council on Higher Education Act of 1996 (NCHEA 1996) .
2 With the implementation of the Private Higher Education Institutions Act of 1996, the private sector increased its involvement in providing tertiary education (Malaysia 2001) . The Act allowed private institutions of higher education and foreign universities to establish franchises and degree courses.
3 In particular, private-sector universities were encouraged to offer science and technology courses in order to increase enrollment at higher-educational institutions and to produce a greater number of highly skilled graduates (Malaysia 1998: 122) . Six private universities, Malaysia Multimedia University (MMU), Universiti Tenaga Nasional (Uniten), Universiti Teknologi Pertonas (UTP), Universiti Tun Adbul Razak (Unitar), International Medical University (IMU), and Universiti Industri Selangor (Unisel), began offering degreelevel courses in engineering, business studies, medicine, and multimedia. Since that time, the number of private universities has increased, as seen in Table 2 . IT-focused universities from both public and private sectors, such as Universiti Putra Malaysia (UPM), Universiti Kebangsaan Malaysia (UKM), Multimedia University, and Universiti Tenaga (Uniten), operate in the MSC (see Table 2 ). Their challenging cases will be examined as follows: the case studies of the Malaysia Multimedia University as the newly established core university of MSC at rst; second, the Malaysia National University as the traditional university which might have some dif culties in attempting the new challenges; and third, University Malaysia Sarawak (Unimas) which shows a need for distance learning because of its location on the island of Borneo.
Case Studies

Malaysia Multimedia University (MMU) as a pioneer
Malaysia Multimedia University (MMU) was established as the core institution of the MSC in July 1996, and was the rst private university to be given accreditation by the government. MMU has two campuses that offer faculty in several elds: technology, IT, creative multimedia, and adminis-tration at the Cyberjaya Campus in the MSC; and technology, information science technology, business, and law at the Malacca campus. There are 9,000 undergraduate and post-graduate students, including foreign students from 31 countries (e.g., Brunei, Sudan, Bosnia, Malawi, Tanzania, India, Sri Lanka, Bangladesh, Indonesia, Turkey, China, Thailand, and Guinea 4 ) enrolled in MMU. MMU uses English as the language of instruction.
The Center for Multimedia Education Development (CMED) began operations in 1997, with the aim of providing a "one-stop solution center" for the entire campus of MMU. An integral component, located in Cyberjaya, it incorporates all the aspects of software engineering, including software development, consultation, and resource training, that are available to its students. The Distance Education Center established its distance learning program in 1998. Students can obtain a Bachelor of Management degree and can take selective subject programs through the distance learning center; 41 online courses (122 credit hours) are offered which comprise university subjects, foundations, core management subjects, management majors, and three elective subjects.
MMU also has an e-learning campus, an online virtual campus. The e-learning campus consists of affordable university credit programs and professional courses, such as a Bachelor's degree in e-business ( rst intake December 2002), a Diploma in IT (May 2003) , and a Certi cate in English Language Pro ciency (May 2003) . Other programs and courses to be introduced include a Bachelor's degree in IT and Master's degrees in Business Administration and Corporate Training (including business communication, image enhancement and professional etiquette, and negotiation skills).
Knowledge-Campus (K-Campus) projects of Universiti Kebangsaan Malaysia
Not only newly established universities, but also the nine historical universities (public universities established before 1994) conduct IT-related projects. All nine public universities have embarked on open-or distancelearning programs (Siowek-Lee and Rinalia 1998). Universiti Kebangsaan Malaysia (UKM, Malaysia National University), one of the most prestigious universities in Malaysia, formed a special ICT committee to implement the blueprint of ICT projects and established the Faculty of Information Science and Technology in 1994. 5 In addition, UKM administers the KCampus projects; K-Campus services are divided into two categories, ICT education services and ICT management services.
There are ve main K-Campus projects: e-learning, intellectual knowledge archiving (IKA), global community support services (GCSS), virtual network for research and development resources (VNRDR), and virtual campus communication network (VCCN) (Aziz 2003) . Well-established Web pages, called e-pelajar (e-students) and e-UKM, offer e-learning content to students, as well as of cial materials to staff, administrators, and external clients; some Malay pages are not yet translated into English.
Distance learning: the case of Unimas, Sarawak
University Malaysia Sarawak (Unimas), which is not located on the Malay peninsula but on the island of Borneo, established its Faculty of Information Technology in 1993. By July 1994, the faculty offered undergraduate programs in software engineering, information systems, internetworking technologies, computational science, and interactive multimedia. There were 34 students at the undergraduate level and a few at the post-graduate level in 1994; by July 1995, the rst Master's students in IT graduated from Unimas. The computational science program was introduced during the 1995-96 academic year; the joint program in cognitive science, offered by the Faculty of Cognitive Science and Human Development and the Faculty of Information Technology, began in 1996.
Unimas, in collaboration with Kolej Latihan Telekom (Telekom Training College), has begun offering diploma programs in multimedia (business and computing) and in multimedia technology, which have been accredited by the Lembaga Akreditasi Negara (National Accreditation Board) (1 March 2000) . Moreover, the Network Multimedia Education System (NMES) was launched in October 2002. The e-learning lab (Faculty of Information Technology) in Unimas is connected with Penang, Sabah, Sarawak, Kuantan, and MMU at Cyberjaya, Selangor through video conferencing. Unimas initiated the E-Bario project, which constitutes a government project to promote ICT awareness and usage. The E-Bario project provided computers and Internet access to schools that became community centers for learning (Malaysia 2000: 366) .
Discussion: From the Gender Perspective
Many ICT challenges are being met in both public and private institutions of higher education, and these institutions are offering a variety of ICTrelated courses to Malaysian and international students. At the same time, the challenges presented by ICT are having social and cultural implications, as discussed below.
Access and course selections
First, higher education reforms toward a knowledge society are affecting access and social selection with respect to ethnic and gender equality. Educational policy implemented since 1969 has provided educational opportunities to a less privileged population, the Bumiputera. Government policy can have an effect on aspirations and, thus, the demand for higher education. This has clearly been the case in Malaysia, which is both an Islamic and a multicultural country made up of the Malays, Chinese, Indians, and indigenous peoples. The implementation of the New Economic Policy (NEP) in 1971, or Bumiputera Policy, attempts to bring about a better balance in enrolment among the various ethnic groups and has led to a steady increase in Bumiputera students in Malaysian universities.
The government of Malaysia has encouraged Bumiputera students to pursue science courses in particular. According to the National Economic Recovery Plan, in addition to maintaining the Bumiputera/nonBumiputera ratio of 55:45, the Ministry of Education (MOE) is to ensure that at least 55 percent of Bumiputera students are enrolled in science and technology elds of study at institutions of higher learning (Malaysia 1998:123) . This mandate is in response to the growing need for highly skilled human resources, both to encourage economic growth and to unify the nation, following its independence in 1957.
Female Malaysian students earn better grades, in general, than do male Malaysian students. Yet, female Malaysian students have experienced difculties in obtaining higher education in the past. Structural and attitudinal barriers to the equitable participation of women at the highest educational levels have existed during the last few decades (Aminah 1998:25) . Hence, their past underrepresentation was not a result of their inability but rather their cultural backgrounds. As some scholars (Jamilah 1992; Aminah 1994; Fatimah and Aminah 1994; Jamilah 1994; Kamogawa 2003b ) have noted, the stereotypical Malaysian way of thinking is that arts and teaching elds are suitable for women and that science and technology elds are suitable for men. Consequently, Malaysian female students have had a tendency to choose art and educational courses.
Nevertheless, the number of female university students has increased steadily since the 1970s. In fact, there were more female students than male students at the university level in the year 2000 (see Table 3 ).
6
One of the reasons for this seems to be that the Bumiputera policy has, thus, enhanced educational opportunities for female Bumiputera students to enter higher education.
7 Since the early 1970s, the implementation of the NEP has resulted in a steady increase in the numbers of both male and female Bumiputera students. In other words, the Bumiputera policy has contributed to the advancement of Malaysian women by giving them enhanced educational opportunities.
Equally important, the Bumiputera policy has thus enhanced educational opportunities for female Bumiputera students to enter courses of study in the sciences. many female students have obtained (or have been granted) opportunities to study in the science elds as a result of the Malaysian government's emphasis on meritocracy recently, as part of its effort to push Malaysia into becoming a fully developed country by the year 2020. In fact, the percentages of female university students ( rst-degree course) in various areas of study in 1998 were: arts, 68.2 percent; economics, business, and administration, 64.0 percent; civil law, 54.5 percent; science, 56.1 percent; arts education, 66.9 percent; science education, 66.9 percent; agriculture, 43.7 percent; and engineering, 26.6 percent.
8 Female students with high educational achievements will meet the government's needs in the near future.
With regard to ICT elds, Malaysian male students are more likely to choose ICT courses in tertiary education than are female students. There are no speci c data covering the whole country of Malaysia that show the ratios between male and female students in ICT elds; however, the gures in Table 4 , for example, indicate that male students have a greater interest in ICT elds than do female students at UPM. The Institute for Distance Education (IDEAL) at UPM, which was established in 1995, offers a technology degree course leading to a Bachelor of Computer Science via distance learning. IDEAL is the rst program in Malaysia to 6 In the Prime Minister's speech on Women's Day 2002, it was mentioned that there were more female students in local universities than male students. (Utusan Malaysia "M: Wanita mungkin tentukan hala tuju negara" 2002/8/26, The Star "Women may set pace" 2002/8/26).
7 Apart from higher educational institutions, it is reported that the provision of dormitories for women and the increase in the number of technical and vocational educational institutions generated greater access of these institutions to women (Aminah 1998:27 1998) . However, other research shows that more and more female uppersecondary students have preferences to choose IT-related universities and elds (Kamogawa 2003a) . According to Sugimoto's interview with MMU (2003) , there are as many female students as male students in MMU. It is not necessarily concluded that the ratio of female students in the distance-learning institutions, as opposed to the brick-and-mortar institutions, increased. Apparently, the number of computer and peripheral equipment operators as well as clerical jobs has increased since the 1990s. It is pointed out that female workers have new opportunities in the computer professions, such as system analysts and programmers at the middle level (Cecilia et al. 1992) . The new trend on the labour market in 2000s is likely to cause the increase of female students in higher education.
Employment
The changing structure of the Malaysian economy is an important determinant of the demand for higher education which informs students' access and course selection. Therefore, expanding and upgrading higher education towards generating educated manpower, especially in the elds of science and technology, determines the quantity and orientation of higher education. Furthermore, the Malaysian government has sought to make more effective use of the nation's female human resources in the process of economic development since the early 1970s. The percentage of female students at every level has increased steadily, and Malaysian female students have better opportunities to work in management or the professions. The participation of women in the formal sector of the labor force increased from 38.9 percent in 1970 to 62.9 percent in 1990, with the majority of women being concentrated in low-salaried and semi-skilled jobs in the manufacturing sector and in "feminine-related elds" such as clerical, teaching, and nursing services, amongst others (Fatimah and Aminah 1994:40-41) .
Employment in the clerical group more than doubled between 1975 and 1987. There has also been dramatic growth in occupations associated with computerization, including programmers, during this period. The creation of new jobs has opened up new opportunities for women in mid-level computer professions, which has prompted female students, in turn, to seek higher education. However, these changes have also created gaps between the more highly skilled and less-skilled female workers. Male workers, generally, have received more bene ts from computerization (Cecilia et al. 1992) .
In the Eighth Malaysia Plan 2001 Plan -2005 Plan (2001 , it is clear that the government of Malaysia regards female human resources, as well as the country's youth, as important contributors to the nation's development objectives (Malaysia 2001:16) . It is projected that the demand for workers in core ICT occupations, such as hardware engineers, software engineers, systems analysts, computer programmers, and technical support personnel, will increase from 108,000 in 2000 to 181,600 in 2005 (Malaysia 2001 . These projections are part of the impetus to encourage more women to pursue nontraditional elds of study, such as science, engineering, and vocational and technical education, at higher levels; however, higher education in technological and engineering elds is still male dominated. One of the quickest ways for the government of Malaysia to meet the demands for human resources and move toward a knowledge society is to make better use of more Malaysian women as highly skilled and as multiskilled workers.
Conclusion
Malaysian higher education reform is progressing rapidly because the government needs to develop highly skilled human resources locally to enable the nation to move toward a knowledge society, in the era of ICT. Malaysian public universities had been traditionally restricted to the elite; however, they began to be corporatized in the mid-1990s. Private universities have taken on more important roles in expanding enrollment and maintaining the quality of higher education in science and technology related to ICT. According to the Eighth Malaysia Plan 2001 Plan -2005 ICT and related engineering courses will also be introduced at both public and private institutions of higher learning. It is said that a total of 122,910 students will be enrolled in these institutions by 2004, mainly at the diploma and bachelor's degree levels; the private sector's involvement in the provision of ICT education will continue to be signi cant, as 71 percent of total student enrollment is in private institutions (Malaysia 2001:383) . Multimedia University remains one of the pioneering universities in the ICT-centered elds (see Appendix 2).
Additionaly, the MSC should be more substantively contextualized, both nationally and internationally, by way of preparation for the analysis of higher education reform and conversion. Nationally, the demands for computer and Internet access are still increasing among women. Internationally, the experiences of Malaysia will be useful, from a gender perspective, to other developing nations, especially Islamic countries where traditional attitudes and values that militate against higher education for women still exist (although the number of female students in Islamic countries has been increasing). The analysis reported here concludes that the new challenges facing Malaysia offer possibilities not only for bridging the digital divide in aspects of gender and ethnicity, nationally, but also for being a strong move towards gender parity in higher education, internationally.
As compared with the IT strategies of other nations in the ASEAN (Association of South East Asian Nations), such as IT2010 of Thailand, the ICT policy Framework of Indonesia, and IT21 of the Philippines, it seems clear that the MSC of Malaysia is emerging as a successful strategy. In spite of that, there remain some serious challenges to higher education with respect to this success, in that the MSC has not been expanded throughout Malaysia, as has been noted by Mohamad Ariff Nun (Senior Vice-President, Multimedia Development Corporation of Malaysia). According to Mohamad Ariff Nun, the government of Malaysia has been experimenting with the MSC as a development plan in just one area, rather implementing it nationwide. He has emphatically noted that the enrollment rate in higher education has increased, and that this necessitates a greater effort on the part of the Malaysian government to continue to upgrade university education in order to train more human resources. 9 The existing policy has the potential to create a digital divide between rural areas and urban areas, in that some schools would be equipped with computer networks and some schools would not.
Once the MSC has been expanded to a nationwide project, the government of Malaysia will be poised to become an educational center of excellence (pusat kecemerlangan pendidikan), according to Najib Tun Razak, the Minister of Education (Dewan Masyarakat, 1998) . Moreover, the Government of Malaysia is expected to provide the basis for south-south cooperation in the era of information and communication technologies. Therefore, Malaysian institutions of higher education, both public and private, will need to play important roles in developing such vital projects as distance learning and e-learning.
